TFIIH is a multifunctional RNA polymerase II general initiation factor that includes two DNA helicases encoded by the Xeroderma pigmentosum complementation group B (XPB) and D (XPD) genes and a cyclin-dependent protein kinase encoded by the CDK7 gene. Previous studies have shown that the TFIIH XPB DNA helicase plays critical roles not only in transcription initiation, where it catalyzes ATP-dependent formation of the open complex, but also in efficient promoter escape, where it suppresses arrest of very early RNA polymerase II elongation intermediates. In this report, we present evidence that ATP-dependent TFIIH action in transcription initiation and promoter escape requires distinct regions of the DNA template; these regions are well separated from the promoter region unwound by the XPB DNA helicase and extend, respectively, Ϸ23-39 and Ϸ39 -50 bp downstream from the transcriptional start site. Taken together, our findings bring to light a role for promoter DNA in TFIIH action and are consistent with the model that TFIIH translocates along promoter DNA ahead of the RNA polymerase II elongation complex until polymerase has escaped the promoter.
T
FIIH is a multifunctional RNA polymerase II general initiation factor that includes two DNA helicases encoded by the Xeroderma pigmentosum complementation group B (XPB) and D (XPD) genes, as well as a cyclin-dependent protein kinase encoded by the CDK7 gene (1) . Previous studies have shown that the TFIIH XPB DNA helicase functions at multiple steps to promote efficient transcription initiation and promoter escape by RNA polymerase II. The TFIIH XPB DNA helicase catalyzes ATP(dATP)-dependent formation of the open complex before synthesis of the first phosphodiester bond of nascent transcripts (2) , and it is required to suppress premature arrest of very early RNA polymerase II elongation intermediates at promoterproximal sites Ϸ10-12 bp downstream of the transcriptional start site before their escape from the promoter (3) (4) (5) .
In a previous study, we identified a requirement in transcription initiation and promoter escape by RNA polymerase II for promoter DNA extending Ϸ23-50 bp downstream from the transcriptional start site (6) . In that study, we showed that synthesis of the first phosphodiester bond of nascent transcripts by RNA polymerase II requires promoter DNA extending Ϸ23-39 bp downstream from the transcriptional start site and that efficient promoter escape by the enzyme requires promoter DNA extending Ϸ39-50 bp downstream from the transcriptional start site. That study, however, did not identify which of the general initiation factors require downstream promoter DNA during these stages of transcription.
In this report, we present direct biochemical evidence that TFIIH requires downstream promoter DNA for its action in transcription initiation and promoter escape by RNA polymerase II. In addition, we show that TFIIH function in synthesis of the first phosphodiester bond of nascent transcripts and in promoter escape requires distinct regions of DNA downstream of the transcriptional start site. These regions of DNA are well separated from the region unwound by the XPB DNA helicase during formation of the open complex (2, (7) (8) (9) and extend, respectively, Ϸ23-39 and Ϸ39-50 bp downstream from the transcriptional start site. Taken together, our findings are consistent with the model that TFIIH translocates along promoter DNA ahead of the RNA polymerase II elongation complex until polymerase has escaped the promoter, and they provide a means of reconciling two recently proposed models (10) (11) (12) for the mechanism of TFIIH action in ATP(dATP)-dependent formation of the open complex and promoter escape.
Materials and Methods
DNA Templates. A 444-bp duplex DNA template containing adenovirus major-late (AdML) promoter sequences from positions Ϫ50 to ϩ10 was prepared by PCR, with M13 mp19-AdML as a template. The primers were 5Ј-GACGGCCAGTGAAT-TCGA-3Ј and 5Ј-CCAGCGTGGACCGCTTGC-3Ј. The resulting DNA fragment, which contains sequences that extend 77 bp upstream and 367 bp downstream from the transcriptional start site, was gel purified before use in transcription reactions. The Ad(Ϫ9͞Ϫ1) and Ad(Ϫ9͞ϩ9) templates were prepared as described (3, 5) .
RNA Polymerase II and Transcription Factors. RNA polymerase II (13) and TFIIH [rat d, TSK SP-5-PW fraction (14)] were purified as described from rat liver nuclear extracts. Recombinant yeast TBP (15, 16) and TFIIB (17) were expressed in Escherichia coli and purified as described. Recombinant TFIIE was prepared as described (18) , except that the 56-kDa subunit was expressed in E. coli BL21(DE3)-pLysS. Recombinant TFIIF was purified as described (19) from E. coli JM109(DE3) coinfected with M13 mpET-RAP30 and M13 mpET-RAP74.
Transcription Assays. Preinitiation complexes were assembled on 20 ng of the indicated DNA template at 30°C by a 45-min preincubation of 30-l reaction mixtures containing 20 mM Hepes-NaOH (pH 7.9), 20 mM Tris⅐HCl (pH 7.9), 50 mM KCl, 4 mM MgCl 2 , 0.2 mM EDTA, 1 mM DTT, 0.5 mg͞ml BSA, 2% (wt͞vol) polyvinyl alcohol, 6% (vol͞vol) glycerol, Ϸ50 ng of recombinant yeast TBP, Ϸ10 ng of recombinant TFIIB, Ϸ20 ng of recombinant TFIIF, Ϸ20 ng of recombinant TFIIE, Ϸ150 ng of highly purified TFIIH, and Ϸ0.01 units of RNA polymerase II. Transcription reactions were performed in the presence of the ribonucleoside triphosphates and for the times indicated in the figure legends. Reactions were stopped by the addition of 15 l of 0.1 M EDTA, followed by the addition of 55 l of 10 M urea, 0.025% bromophenol blue, and 0.025% xylene cyanole. Reaction mixtures were heated at 90°C for 5 min, and RNA transcripts were separated by electrophoresis in 25% acrylamide, 3% bisacrylamide gels containing 0.5ϫ TBE buffer (1ϫ TBE ϭ 89 mM Tris͞89 mM boric acid͞2.0 mM EDTA, pH 8.0) and 5.0 M urea. Radioactive RNA transcripts were visualized by autoradiography.
Results
To investigate the possibility that TFIIH function in transcription initiation and promoter escape requires downstream promoter DNA, we took advantage of the artificial AdML promoter derivatives Ad(Ϫ9͞Ϫ1) and Ad(Ϫ9͞ϩ9), which contain premelted DNA from positions Ϫ9 to Ϫ1 and positions Ϫ9 to ϩ 9 relative to the normal AdML transcriptional start site. Previous studies have shown (i) that TFIIH and an ATP(dATP) cofactor are dispensable for initiation by RNA polymerase II from the Ad(Ϫ9͞Ϫ1) promoter but are required for efficient promoter escape (3), and (ii) that TFIIH and an ATP(dATP) cofactor are not required for either transcription initiation or promoter escape by RNA polymerase II from the Ad(Ϫ9͞ϩ9) promoter (5) . As illustrated in Fig. 1 , these AdML promoter derivatives direct synthesis of identical transcripts by RNA polymerase II and have restriction sites, which are conveniently located for assessment of the contribution of downstream promoter DNA to TFIIH function in transcription initiation, inasmuch as they can be cleaved by PstI and HindIII at sites 23 and 39 bp downstream from the AdML transcriptional start site.
In our experiments, transcription by RNA polymerase II was carried out in a transcription system reconstituted with recombinant TBP, TFIIB, TFIIE, TFIIF, and purified polymerase and TFIIH from rat liver. Promoter-specific initiation was assayed by measuring synthesis of abortive, dinucleotide-primed trinucleotide transcripts. As shown previously, RNA polymerase II will use dinucleotides to prime synthesis of promoter-specific transcripts (20) (21) (22) (23) (24) . Transcription initiation by RNA polymerase II from the AdML promoter can be primed by a variety of dinucleotides complementary to template DNA surrounding the transcriptional start site (20) . In our experiments, synthesis of the first phosphodiester bond of nascent transcripts was assayed by measuring the synthesis of trinucleotide transcripts in reactions containing the initiating dinucleotide CpU and [␣- CpUpC transcripts intiated at a position 3 bp upstream from the normal AdML transcriptional start site (Fig. 1) .
Promoter escape by RNA polymerase II was assayed by measuring successful synthesis of 18 nucleotide transcripts in reactions containing the initiating dinucleotide CpU, ATP, UTP, [␣-32 P]CTP and the RNA chain-terminating nucleotide 3Ј-O-methylguanosine triphosphate (3Ј-O-MeGTP), which prevents most transcription beyond the first G residue of the nascent transcript. In previous studies (3, 25) we observed that very early RNA polymerase II elongation intermediates that have synthesized transcripts shorter than Ϸ10 nucleotides are prone to premature arrest at promoter-proximal sites Ϸ10-12 bp downstream from the transcriptional start site, either in the absence of TFIIH or an ATP(dATP) cofactor or in the presence of ATP␥S, a potent inhibitor of the TFIIH XPB DNA helicase. In contrast, further transcript elongation by very early RNA polymerase II elongation intermediates that have successfully synthesized transcripts extending to the U or A residue immediately preceding the G residue at position ϩ15 requires neither TFIIH nor an ATP(dATP) cofactor and is not inhibited by ATP␥S. Furthermore, digestion of the duplex AdML DNA template with restriction enzymes that cleave the template Յ39 nucleotides downstream from the transcriptional start site before assembly of the preinitiation complex was shown to result in the arrest of RNA polymerase II at promoter-proximal sites, whereas digestion of the DNA template with the same restriction enzymes after polymerase had successfully synthesized Ϸ14 nucleotide transcripts did not prevent further elongation of transcripts by the enzyme (6) . Accordingly, we operationally define early RNA polymerase II elongation intermediates that have synthesized Ϸ14-nucleotide or longer transcripts as those that have successfully escaped the promoter.
TFIIH Action in Transcription Initiation and Promoter Escape Requires
Distinct Regions of Downstream Promoter DNA. As discussed above, we previously observed that promoter DNA downstream of the PstI site at ϩ23 in the duplex AdML promoter ( Fig. 1 ) was essential for TFIIH-dependent synthesis by RNA polymerase II of the first phosphodiester bond of nascent transcripts (6) . To investigate the possibility that TFIIH function in this process requires promoter DNA downstream of the PstI site, we asked whether the requirement for downstream DNA in the synthesis of the first phosphodiester bond of nascent transcripts is lost when transcription reactions are carried with the premelted Ad(Ϫ9͞Ϫ1) promoter, which does not require TFIIH or an ATP(dATP) cofactor. Transcription reactions were carried out according to the protocol diagrammed in Fig. 2A . As shown in the control reactions of Fig. 2B , lanes 1-4, and consistent with our previous results, synthesis of abortive CpU-primed trinucleotide transcripts from the duplex AdML promoter is strictly dependent on TFIIH (Fig. 2 , lanes 2 and 4); in addition, synthesis of abortive CpU-primed trinucleotide transcripts depends strongly on promoter DNA downstream of ϩ23, because synthesis of trinucleotide transcripts is completely inhibited by digestion of the template with PstI before transcription reactions. In contrast, synthesis of abortive CpU-primed trinucleotide transcripts from the premelted Ad(Ϫ9͞Ϫ1) promoter, in the presence or absence of TFIIH, was largely unaffected by PstI cleavage of the DNA template before transcription reactions ( Fig. 2C ; compare lanes 5, 6, 9, and 10). These findings indicate that promoter DNA downstream of ϩ23 is not essential for assembly of a transcriptionally competent preinitiation complex, but is very likely required for TFIIH function in synthesis of the first phosphodiester bond of nascent transcripts.
We previously observed that downstream promoter DNA is required for efficient promoter escape during transcription initiated from the duplex AdML DNA template (6) . To determine whether downstream promoter DNA is also required for promoter escape during transcription from the premelted Ad(Ϫ9͞Ϫ1) promoter, transcription reactions were carried out with the Ad(Ϫ9͞Ϫ1) promoter in the presence of the initiating dinucleotide CpU, ATP, UTP, [␣- 32 P]CTP and the RNA chainterminating nucleotide 3Ј-O-MeGTP. In the presence of TFIIH, the undigested Ad(Ϫ9͞Ϫ1) promoter supported promoter escape, as evidenced by the formation of 3Ј-O-MeGTP-terminated transcripts (Fig. 2B, lane 8) . In the absence of TFIIH, promoter escape by RNA polymerase II was suppressed, resulting in synthesis by polymerase of Ϸ11-nucleotide or shorter RNA transcripts (lane 12). In contrast, the PstI-digested Ad(Ϫ9͞Ϫ1) promoter did not support synthesis by RNA polymerase II of transcripts longer than Ϸ11 nucleotides in either the presence or absence of TFIIH (lanes 7 and 11). Taken together, these findings indicate that very early RNA polymerase II elongation intermediates are capable of synthesizing short transcripts in the absence of promoter DNA downstream of ϩ23, but that these elongation intermediates suffer premature arrest at the same promoter-proximal sites as those intermediates transcribing in the absence of TFIIH (compare lanes 7 and 12). Therefore, TFIIH and promoter DNA downstream of ϩ23 are likely to function at a very similar stage during promoter escape.
Our observation that premature arrest of early RNA polymerase II elongation intermediates occurs at the same promoterproximal sites in the absence of either downstream DNA or TFIIH suggested that TFIIH function in promoter escape might depend on downstream DNA. To address this possibility, we asked whether removal of downstream DNA affects the efficiency of promoter escape by RNA polymerase II when transcription reactions are carried out with the premelted Ad(Ϫ9͞ ϩ9) promoter, which supports both synthesis of the first phosphodiester bond of nascent transcripts and promoter escape in the absence of TFIIH and͞or an ATP(dATP) cofactor (5). Transcription reactions were carried out according to the protocol diagrammed in Fig. 3A . As shown in Fig. 3B and consistent with our previous results, efficient synthesis by RNA polymerase II of 15-nucleotide-long, 3Ј-O-MeG-terminated transcripts from the duplex AdML promoter is strictly dependent on TFIIH; in addition, synthesis by polymerase of 18-nucleotide-long, 3Ј-OMeG-terminated transcripts depends strongly on downstream DNA, because synthesis of these transcripts is completely inhibited by digestion of the DNA template with HindIII at position ϩ39 before transcription reactions. In contrast, both transcription initiation and promoter escape occur at the premelted Ad(Ϫ9͞ϩ9) promoter even in the absence of TFIIH. Notably, TFIIH-independent initiation and promoter escape are largely unaffected by HindIII cleavage of the DNA template before transcription reactions. Taken together, these findings argue that TFIIH action in efficient promoter escape by RNA polymerase II depends on promoter DNA downstream of ϩ39. complexes but to have little effect on promoter-specific initiation or elongation by preassembled preinitiation complexes, whereas Sarkosyl concentrations of Ϸ0.05% or more have been shown to inhibit initiation, but to have little effect on subsequent transcript elongation (26) (27) (28) (29) . As a consequence, Sarkosyl has been widely used in studies of the mechanism of promoter-specific transcription to limit initiation events to a single round, as well as to prepare ''washed elongation complexes'' for studies of transcript elongation (e.g., refs. 30 and 31) and to prepare initiation complexes for cross-linking studies (12) .
In the course of experiments investigating the mechanism of promoter escape by RNA polymerase II, we discovered that addition of Sarkosyl to very early RNA polymerase II elongation intermediates effectively relieves the requirements for TFIIH and an ATP(dATP) cofactor in promoter escape. Transcription reactions were carried out according to the pulse-chase protocol diagrammed in Fig. 4A . Preinitiation complexes were assembled on the premelted Ad(Ϫ9͞Ϫ1) promoter, in the presence or absence of TFIIH. Short radioactive transcripts were synthesized by incubating preassembled preinitiation complexes with 200 M initiating dinucleotide CpU, 5 M ATP, 0.5 nM UTP, and 0.5 M [␣-32 P]CTP. Under these conditions, transcripts with a maximum length of Ϸ7-9 nucleotides are synthesized by RNA polymerase II (lanes 1 and 6) ; notably, a significant fraction of transcripts synthesized in these reactions are abortively initiated trinucleotide transcripts, which cannot be chased into longer transcripts. The stably initiated transcripts were then chased into longer products by the addition of 200 M CTP, 100 M UTP, and 150 M 3Ј-O-MeGTP, with or without 100 M ATP or ATP␥S. Consistent with previous results (3, 25) , synthesis by RNA polymerase II of 18 nucleotide, 3Ј-O-MeG-terminated transcripts depended on the presence of both ATP and TFIIH and was inhibited by ATP␥S (lanes 2, 3, 7, and 8). In contrast, when 0.1% Sarkosyl was included in the chase phase of the reaction, the majority of short transcripts were chased into 16-to 18-nucleotide transcripts, independently of TFIIH and in the presence of ATP or ATP␥S (lanes 4, 5, 9, and 10).
Sarkosyl relieved ATP␥S-induced arrest of early RNA polymerase II elongation intermediates at concentrations as low as 0.05% (Fig. 4B, lanes 6-8) , whereas lower Sarkosyl concentrations of 0.01-0.025% had little effect on ATP␥S-induced arrest of early elongation intermediates. The reactions shown in Fig. 4B were performed with the duplex AdML DNA template; thus, Sarkosyl is able to relieve the block to promoter escape not only on premelted DNA templates, as shown in Fig. 4A , but also on duplex DNA templates. Notably, Sarkosyl treatment also relieves the requirement for downstream DNA in promoter escape, inasmuch as early RNA polymerase II elongation intermediates efficiently escape the promoter on DNA templates digested with HindIII at ϩ39, in the presence but not the absence of 0.2% Sarkosyl (Fig. 4B; compare lanes 9-12) . The observations that Sarkosyl relieves ATP␥S-induced arrest of early RNA polymerase II elongation intermediates as well as the requirements for TFIIH and downstream DNA in promoter escape provide further support for the model that downstream DNA is required for TFIIH action in promoter escape.
Discussion
In previous studies (3, 4, 6, 25) , efficient promoter escape by RNA polymerase II was shown to depend strongly on the TFIIH XPB DNA helicase, an ATP(dATP) cofactor, and a region of promoter DNA extending Ϸ39-50 bp downstream from the transcriptional start site. In addition, we showed that transcription initiation by RNA polymerase II depends on a region of promoter DNA extending Ϸ23-39 bp downstream from the transcriptional start site when initiation depends on TFIIH and an ATP(dATP) cofactor.
In this report, we have shown that downstream promoter DNA is not required for transcription by RNA polymerase II under conditions that bypass the requirements for TFIIH and an ATP(dATP) cofactor in initiation, efficient promoter escape, or both processes, arguing that downstream promoter DNA is essential for TFIIH action in both processes. First, we observe that downstream promoter DNA is not required for transcription initiation by RNA polymerase II when reactions are carried out with the premelted Ad(Ϫ9͞Ϫ1) promoter, which supports transcription initiation but not efficient promoter escape in the absence of TFIIH and an ATP(dATP) cofactor. Second, we observe that removal of downstream promoter DNA does not affect the efficiency of TFIIH-independent promoter escape by RNA polymerase II when reactions are carried out with the premelted Ad(Ϫ9͞ϩ9) promoter, which supports both transcription initiation and efficient promoter escape in the absence of TFIIH and an ATP(dATP) cofactor. In additional experiments, we have shown that treatment of very early RNA polymerase II elongation intermediates with the detergent Sarkosyl bypasses the requirement for TFIIH, an ATP(dATP) cofactor, and downstream promoter DNA in efficient promoter escape by polymerase.
Based on our findings, which argue that TFIIH action in the synthesis of the first phosphodiester bond of nascent transcripts and in promoter escape requires distinct downstream promoter regions well separated from the region unwound by the XPB DNA helicase (2, (7) (8) (9) , we propose that TFIIH, and perhaps its XPB DNA helicase subunit, has a DNA binding domain that is distinct from the helicase catalytic site and that binds DNA downstream of the transcriptional start site in the initiation complex. Furthermore, we propose that, after initiation, this TFIIH DNA binding domain translocates along promoter DNA ahead of the RNA polymerase II elongation complex until the completion of promoter escape. This model is consistent with results of several other studies of the structure and function of TFIIH and the RNA polymerase II initiation complex. DNase I footprinting analysis revealed that addition of a protein fraction containing TFIIE, TFIIF, and TFIIH to promoter-bound complexes that include RNA polymerase II, TBP, and TFIIB results in specific protection of promoter DNA between positions ϩ20 and ϩ30 (32) . Results of two-dimensional electron crystallography performed on yeast RNA polymerase II transcription complexes suggest that TFIIE binds to a polymerase domain that contacts downstream DNA (33) (34) (35) (36) ; because TFIIE and TFIIH bind specifically to one another (37, 38) , these findings suggest that TFIIH might be similarly positioned. Results of two recent cross-linking studies are also consistent with the idea that TFIIH makes protein-DNA contacts downstream of the RNA polymerase II initiation complex during transcription initiation and, by extension, during promoter escape (11, 12) . Although results of these studies differ in many respects, they each provide evidence that, in both closed and open RNA polymerase II initiation complexes, the TFIIH XPB DNA helicase makes protein-DNA contacts with promoter DNA downstream of the transcriptional start site, between positions ϩ10 and ϩ20, according to the findings of Kim et al. (12) , and between positions ϩ10 and ϩ38, according to findings of Douziech et al. (11) . Finally, it is intriguing that the recently reported structures of yeast and mammalian TFIIH have revealed that they are ringlike molecules with a central hole of sufficient size to accommodate double-stranded DNA (39, 40) . In light of this structural information, it is tempting to speculate that TFIIH possesses a sliding clamp-like DNA binding domain that could mediate its translocation along promoter DNA ahead of the RNA polymerase II elongation complex.
What is the downstream DNA-dependent function of TFIIH in promoter escape? Results of previous experiments suggest that a TFIIF activity required for transcription initiation presents an impediment to efficient promoter escape and is at least partly responsible for inducing the premature arrest of very early RNA polymerase II elongation intermediates (5) . Together with results of cross-linking experiments suggesting that TFIIF and TFIIE promote tight wrapping of DNA around RNA polymerase II by making contacts in the initiation complex with promoter DNA upstream of the TATA box and downstream of the transcriptional start site (10, 11, 41) , this observation raises the possibility that protein-DNA contacts between promoter DNA and TFIIF and TFIIE might present an impediment to promoter escape. Based on our observations (i) that, like TFIIH action in formation of the open complex, TFIIH action in promoter escape by RNA polymerase II requires the XPB DNA helicase activity, an ATP(dATP) cofactor, and downstream DNA and (ii) that the requirement for the TFIIH XPB DNA helicase, an ATP(dATP) cofactor, and downstream DNA in transcription initiation and promoter escape by RNA polymerase II is lost when transcription is carried out with the Ad(Ϫ9͞ϩ9) template, which contains a premelted region extending to ϩ9, it is reasonable to propose that TFIIH XPB helicase could suppress arrest simply by unwinding promoter DNA downstream of the transcriptional start site. Indeed, the regions of the TFIIF RAP30 and TFIIE small subunits required for transcription initiation by RNA polymerase II in vitro have been shown to include double-stranded DNA binding domains (42) (43) (44) ; thus, unwinding of downstream promoter DNA by the TFIIH XPB DNA helicase could relieve a TFIIF-and TFIIE-induced impediment to promoter escape by disrupting interactions of TFIIF and TFIIE with double-stranded DNA downstream of the transcriptional start site. Further experiments will be required, however, to test this hypothesis.
Finally, our findings provide a way to explain the different results obtained in cross-linking studies performed by Kim et al. (12) and by Douziech et al. (11) and used to propose conflicting models for how TFIIH promotes unwinding of promoter DNA. Kim et al. observed (i) that the TFIIH XPB DNA helicase subunit is the only TFIIH subunit that efficiently cross-links to promoter DNA, (ii) that the XPB subunit is only efficiently cross-linked to promoter DNA downstream of the transcriptional start site, and (iii) that only the TFIIH XPB DNA helicase and some RNA polymerase II subunits were reproducibly crosslinked to downstream promoter DNA (12) . Based on their findings, Kim et al. proposed that the TFIIH XPB DNA helicase does not catalyze formation of the open complex by a conventional DNA helicase mechanism, but rather functions as a ''molecular wrench'' that melts promoter DNA surrounding the transcriptional start site by binding to and rotating downstream promoter DNA relative to rotationally fixed upstream DNA. As described above, Douziech et al. observed that the TFIIH XPB DNA helicase subunit cross-links not only to promoter DNA downstream of the transcriptional start site, but also to promoter DNA upstream of the transcriptional start at a position near Ϫ5 and upstream of the TATA box (11) . Taken together with their evidence that TFIIE, TFIIF, and RNA polymerase II subunits crosslink to promoter DNA both upstream and downstream of the transcriptional start site, this finding led Douziech et al. to propose that protein-DNA contacts between the promoter and RNA polymerase II, TFIIE, TFIIF, and TFIIH induce tight wrapping of DNA around the initiation complex and destabilize the DNA helix near position Ϫ5, giving the TFIIH XPB DNA helicase access to a single-stranded region of DNA to initiate unwinding by a conventional DNA helicase mechanism.
Until recently, it has been difficult to reconcile the results of Douziech et al. (11) and Kim et al. (12) . It is noteworthy, however, that, unlike the experiments of Douziech et al., the cross-linking experiments of Kim et al. (12) were performed with Sarkosyl-treated transcription complexes. Our observation that Sarkosyl treatment of very early RNA polymerase II elongation intermediates relieves the TFIIF-induced impediment to efficient promoter escape and, in so doing, the requirement for TFIIH and an ATP(dATP) cofactor in this process suggests that Sarkosyl may disrupt functionally important protein-DNA contacts within the initiation complex. These results may explain the failure by Kim et al. to detect crosslinking of the TFIIH XPB DNA helicase in the vicinity of the transcription start site and of TFIIF and TFIIE to downstream promoter sequences (12) and raise the possibility that the model of Douziech et al. (11) may more accurately describe molecular events that occur during TFIIH-dependent formation of the open complex.
